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(54) Column driver for an active matrix liquid crystal display

(57) A liquid crystal display device having output
buffers (16-1, ..., 16-n) corresponding to column lines
(20-1, ..., 20-n), comprises analog switches (18-1, ...,
18-n) provided between output ends of the output buff-
ers (16-1, ..., 16-n) and the column lines (20-1, ..., 20-n)
respectively, and a switch controller (19) for on-off con-
trolling the analog switches (18-1, ..., 18-n). A DA con-

verter (15) is provided in the preceding stage of the out-
putbuffers (16-1, ..., 16-n), and the switch controller (19)
turns off the analog switches (18-1, ..., 18-n) during a
DA conversion period of the DA converter (15) or during
a precharge period prior to DA conversion, and turns on
the analog switches (18-1, ..., 18-n) during a predeter-
mined period other than such periods.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device, and more particularly to an output circuit
relative to column lines of a column driver in an active
matrix liquid crystal display device.

[0002] Fig. 7 shows an exemplary structure of an ac-
tive matrix liquid crystal display device. In this diagram,
a liquid crystal panel 102 is composed of liquid crystal
cells (pixels) 101 arrayed to form a two-dimensional ma-
trix, and a vertical (row) driver 103 for row selection and
a horizontal (column) driver (column line driving circuit)
104 for column selection are provided in the periphery
of the liquid crystal panel 102.

[0003] As shown in Fig. 8, the horizontal driver 104
comprises a shift register 111 having a plurality of stages
corresponding to the number n of column lines, a shift
register controller 112 for controlling the shift register Ill,
a sampling circuit 113 for sampling data on a data bus
line in synchronism with sampling pulses outputted suc-
cessively from the shift register I, a latch circuit 114 for
holding the sampled data during one horizontal period,
a DA converter 115 for converting the latch data into an-
alog signal, and an output circuit 118 consisting of n out-
put buffers 117-1-117-n for driving the column lines
116-1 - 116-n respectively.

[0004] In the related art output circuit of the above
configuration, output ends of the output buffers 117-1 -
117-n are connected directly to the column lines
116-1-116-n, so that no problem is raised in particular if
the output buffers 117-1 - 117-n structurally have suffi-
cient driving capability with regard to both input and out-
put currents. However, there arise some problems in
case the output buffers 117-1 - 117-n are composed of
source follower circuits for example and have sufficient
driving capability merely in one direction.

[0005] I, even after charging a great load, the output
ends of the output buffers 117-1 - 117-n are still connect-
ed to the load until being reset to the initial state, then it
follows that the output circuit needs to have a complete
characteristic or a sufficient time for discharging the
load. For example, in case each of the output buffers
117-1-117-n consists of a source follower circuit, a pow-
er supply for the source follower circuit is required to
furnish a current necessary for discharging the capaci-
tive load, whereby the resultant power consumption is
steadily rendered large.

[0006] Increasing the direct current value of the
source follower circuit brings about reduction of the dy-
namic range, dimensional increase of the circuit area,
and increase of output variations at the time of offset
cancellation. This disadvantage raises an extremely se-
rious problem when the output buffers 117-1 - 117-n con-
sist of source follower circuits each composed of a poly-
silicon TFT (thin film transistor), since the threshold volt-
age Vith of a polysilicon TFT is high and variation in such

10

15

20

25

30

35

40

45

50

55

threshold voltage Vth is large.

[0007] Due tothe reasons mentioned, it has been dif-
ficult heretofore to constitute the output circuit by the use
of a unipolar output buffer. Similarly, even in the use of
an output buffer having bidirectional current output ca-
pability like a push-pull buffer, there may occur a case
where an unnecessary capacitive load is charged or dis-
charged during the DA conversion period of the DA con-
verter 115 and also during its precharge period. In such
a case, therefore, some unnecessary power is con-
sumed.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to pro-
vide an improved output circuit in a liquid crystal display
device where a power consumption is low and output
potential variations are minimised.

[0009] According to one aspect of the present inven-
tion, there is provided a liquid crystal display device hav-
ing output buffers corresponding to column lines. This
display device comprises analog switches provided be-
tween output ends of the output buffers and the column
lines respectively, and a switch controller for on-off con-
trolling the analog switches. A DA converter is provided
in the preceding stage of the output buffers, and the
switch controller turns off the analog switches during a
DA conversion period of the DA converter or during a
precharge period prior to DA conversion, and turns on
the analog switches during a predetermined period oth-
er than such periods.

[0010] Inthe liquid crystal display device of the above
circuit configuration, the output buffers are disconnect-
ed from or connected to the column lines when the an-
alog switches are turned off or turned on. Therefore, the
output circuit can be separated from a capacitive load
by disconnecting the output buffers from the column
lines through turning off the analog switches during a
DA conversion period of a DA converter provided in the
preceding stage of the output circuit or during a pre-
charge period prior to DA conversion, hence preventing
increase of the output current of each output buffer while
ensuring sufficient change of the signal potential.
[0011] According to another aspect of the present in-
vention, there is provided a liquid crystal display device
having a horizontal driver and a vertical driver. The hor-
izontal driver comprises a shift register having a plurality
of stages equal in number to columns; a shift register
controller for controlling the shift register; a sampling cir-
cuit for sampling data on a data bus line in synchronism
with sampling pulses outputted successively from the
shift register; a latch circuit for holding the sampled data
during one horizontal period; a DA converter for convert-
ing into analog signal the data held by the latch circuit;
output buffers for driving column lines; and analog
switches provided between the column lines and the
output buffers. In this structure, the analog switches are
on-off controlled by a switch controller.
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[0012] The above and other features and advantages
of the present invention will become apparent from the
following description which will be given with reference
to the illustrative accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 schematically shows the structure of a liquid
crystal display device according to the present in-
vention;

Fig. 2 is a block diagram showing an embodiment
of the present invention;

Fig. 3 is a circuit diagram showing an exemplary
configuration of an output buffer using a source fol-
lower circuit;

Fig. 4 is a timing chart of signals for explaining the
operation of the circuit in Fig. 2;

Fig. 5 is a circuit diagram showing a concrete ex-
ample to which the present invention is applied,;
Fig. 6 is a timing chart of signals for explaining the
operation of the present invention;

Fig. 7 is a schematic structural diagram showing an
example of an active matrix liquid crystal display de-
vice; and

Fig. 8 is a block diagram showing an exemplary
structure of a horizontal driver (column driving cir-
cuit).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] Hereinafter some preferred embodiments of
the present invention will be described in detail with ref-
erence to the accompanying drawings. Fig. 1 schemat-
ically shows the structure of a liquid crystal display de-
vice according to the present invention, and Fig. 2 is a
block diagram showing an embodiment of the present
invention applied to a column driving circuit (horizontal
driver) in a liquid crystal display device.

[0015] Fig. 1 shows an exemplary structure of an ac-
tive matrix liquid crystal display device. In this diagram,
a liquid crystal panel 1020 is composed of liquid crystal
cells (pixels) 1010 arrayed to form a two-dimensional
matrix, and a vertical (row) driver 1030 for row selection
and a horizontal (column) driver (column line driving cir-
cuit) 1040 for column selection are provided in the pe-
riphery of the liquid crystal panel 1020.

[0016] As obvious front Fig. 2, the column driving cir-
cuit according to the present invention comprises a shift
register 11 having a plurality of stages corresponding to
the number n of column lines, a shift register controller
12 for controlling the shift register 11, a sampling circuit
13 for sampling data on a data bus line in synchronism
with sampling pulses outputted successively from the
shift register 11, a latch circuit 14 for holding and latching
the sampled data during one horizontal period, a DA
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converter 15 for converting the latched data into analog
signal, an output circuit 17 consisting of n output buffers
16-1 - 16-n for driving the column lines respectively, n
analog switches 18-1 - 18-n, and a switch control pulse
generator 19.

[0017] Ends of the analog switches 18-1 - 18-n onone
side thereof are connected to the output ends of the out-
put buffers 16-1 - 16-n respectively, andthe column lines
20-1-20-n are connected to the other ends of the analog
switches 18-1 - 18- n. These column lines 20-1 - 20-n
have capacitive loads C1 - Cn respectively. The switch
control pulse generator 19 generates switch control
pulses for on-off controlling the analog switches 18-1 -
18-n.

[0018] More specifically, the switch control pulse gen-
erator 19 turns off the analog switches 18-1 - 18-nduring
a DA conversion period of the DA converter 15 or during
a precharge period prior to DA conversion to thereby
disconnect the output buffers 16-1 - 16-n from the col-
umn lines 20-1 - 20-n respectively, and turns on the an-
alog switches 18-1 - 18-n only during a predetermined
period to thereby connect the output buffers 16-1 - 16-n
to the column lines 20-1 - 20-n respectively.

[0019] Fig. 3 shows an exemplary structure of the out-
put buffers 16-1 - 16-n each consisting of a source fol-
lower circuit. In this diagram, one end of a first capacitor
23 is connected to a gate of an NMOS source follower
transistor 21, and a first analog switch 25 is connected
between the gate of the source follower transistor 21
and a precharge power supply 24. Further a second an-
alog switch 26 is connected between the other end of
the first capacitor 23 and the source of the source fol-
lower transistor 1, and a third analog switch 27 is con-
nected between the other end of the first capacitor 23
and a signal source (Vin).

[0020] An NMOS transistor 28 is cascode-connected
to the drain of the source follower transistor 21, and a
second capacitor 29 is connected between the gate of
the source follower transistor 21 and the gate of the cas-
code transistor 28. And further a fourth analog switch
31 is connected between the gate of the cascode tran-
sistor 28 and a power supply 30 of a predetermined volt-
age Vc. The voltage Vc of the power supply 30 is set to
a value shifted by a certain quantity from a precharge
voltage Vpre of the source follower transistor 21. The
shift quantity is calculated on the basis of saturation con-
ditions of the source follower transistor 21 and the cas-
code fransistor 28.

[0021] Next, the operation of the source follower cir-
cuit having the above configuration will be described be-
low with reference to a signal timing chart of Fig. 4.
[0022] Firstinaprecharge period T1, thefirstand sec-
ond analog switches 25 and 26 are turned on while the
third analog switch 27 is turned off, whereby a predeter-
mined precharge voltage Vpre is applied from the pre-
charge power supply 24 to the gate of the source follow-
er transistor 21 via the first analog switch 25. In this
case, a charge corresponding to the offset Vos (= Vgs)
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is stored in the first capacitor 23 connected between the
gate and source of the source follower transistor 21.
[0023] Thereafter in an output period T2, the first and
second switches 25 and 26 are turned off while the third
analog switch 27 is turned on, whereby the other end of
the first capacitor 23 (source side of the source follower
transistor 21) is connected again to the input signal Vin
(signal source side) while the gate of the source follower
transistor 21 is disconnected from the precharge power
supply 24. In this case, the gate potential of the source
follower transistor 21 is changed to Vin + Vos.

[0024] Consequently, despite generation of an offset
Vos' corresponding to the gate-source voltage Vgs of
the source follower transistor 21, the offset is cancelled
(i.e., Vos - Vos') since Vos' = Vos, so that the output po-
tential Vout in the output period T2 is rendered substan-
tially equal to the input potential Vin. This is equivalent
to that the output potential variation derived from the
transistor characteristic variation can be reduced.
[0025] |n a precharge period, the gate of the cascode
transistor 28 is precharged to the voltage Vc by turning
on the fourth analog switch 31 as well as the first and
second analog switches 25 and 26. Subsequently in an
output period, the gate of the cascode transistor 28 is
disconnected from the power supply 30 by turning off
the fourth analog switch 31.

[0026] The gate potential of the cascode transistor 28
can be set higher than the supply voltage VCC due to
such on-off action of the fourth analog switch 31, hence
raising the drain voltage of the source follower transistor
21. Therefore, even if a polysilicon TFT orthe like having
a high threshold voltage Vth with large variation is used
as the source follower transistor 21 to form a source fol-
lower circuit, the drain voltage range of the transistor 21
is widened to consequently achieve extension of the
output dynamic range.

[0027] In the above circuit configuration, precharging
the first capacitor 23 can be performed by the precharge
power supply 24 which is independent of the signal
source, so that it is not necessary to diminish the output
impedance of the signal source to an extremely small
value. And the resultant merit attainable therefrom is re-
markably great when the source follower circuit is used
as an output circuit of a reference voltage selection type
DA converter in the horizontal driver of a liquid crystal
display device. That is, the width of its reference voltage
line can be narrowed to eventually realize dimensional
reduction of the whole circuit.

[0028] The advantages attainable due to such circuit
operation are effective particularly when the source fol-
lower circuit is composed of a polysilicon TFT. The rea-
son is as follows. Since a polysilicon TFT has no sub-
strate potential, there is no substrate bias effect. Accord-
ingly, when the output voltage (source potential of the
source follower transistor 21) is changed as a result of
any change in the input voltage (input potential of the
source follower transistor 21), the threshold voltage Vth
remains unchanged so that offset cancellation is per-
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formed with high accuracy. Further because of non-ex-
istence of a substrate potential, the parasitic capaci-
tance on one-end side of the first analog switch 25 (i.e.,
base side of the source follower transistor 21) is ren-
dered small so that, when the base potential of the
source follower transistor 21 is changed, the offset
charge stored in the first capacitor 23 is not released
with ease.

[0029] Fig. 5 shows a concrete configuration where a
source follower circuit having the above-described off-
set cancel structure is employed as an output circuit in
a column driver. In Fig. 5, there is shown a circuit con-
figuration relative merely to one column line 20-k alone,
and any circuit components corresponding to those in
Fig. 3 are denoted by like reference numerals or sym-
bols.

[0030] In this example, the aforementioned DA con-
verter 15 provided in the preceding stage of the output
circuit 17 shown in Fig. 2 comprises a reference voltage
selection type DA converter 41 for three high-order bits
b0 - b2 and a switched capacitor array type DA converter
42 for three low-order bits b3 - b5. In this configuration,
capacitors of the switched capacitor array type DA con-
verter 42 serve also as the offset storage capacitor 23
of the source follower circuit in the foregoing configura-
tion.

[0031] More specifically, the combined capacitance of
four capacitors 43, 44, 45 and 46, which are provided
correspondingly to three low-order bits b3 - b5 and each
of which is connected at one end thereof to the gate of
the source follower transistor 21, corresponds to the off-
set storage capacitor 23. The capacitance values of
such four capacitors 43, 44, 45, 46 are set to a ratio of
4Co:2Co:Co:Co.

[0032] Four analog switches 47 - 50, which are con-
nected between the other ends of the capacitors 43 - 46
and the source of the source follower transistor 21, cor-
respondtothe second analog switch 26, and four analog
switches 51 - 54, which are connected between the oth-
er ends of the capacitors 43 - 46 and a signal source,
correspond to the third analog switch 26. The analog
switches 25, 47 - 50 and so forth are on-off controlled
by a precharge pulse controller 55.

[0033] Meanwhile an analog switch 18-k provided be-
tween the output end of an output buffer 16-k and a col-
umn line 20-k is on-off controlled by a switch control
pulse generated from a switch control pulse generator
19. More concretely, as shown in a signal timing chart
of Fig. 6, the analog switch 18-k is turned off dunng a
precharge period and a DA conversion period, but is
turned on only during a predetermined period other than
such periods.

[0034] As described, a source follower circuit having
an offset cancel structure is employed as each of the
output buffers 16-1 - 16-n in the column driver of the
liquid crystal display device with the switched capacitor
array type DA converter 14 for three low-order bits b3 -
b5, whereby the offset storage capacitor 23 and the ca-
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pacitors of the switched capacitor array type DA con-
verter 42 can be used in common to consequently min-
imise the number of additionally required circuit ele-
ments, hence enhancing the efficiency.

[0035] In general, the output current of the source fol-
lower circuit shown in Fig. 5 can be obtained without any
limit at a signal rise time, but is limited at a signal fall
time to a maximum of the current Iref of a power supply
22. Therefore, if a large output load is connected at a
signal fall time, it is impossible to change the signal suf-
ficiently. For achieving sufficient change of the signal, a
current Iref of a great value is required.

[0036] However, the present invention is so contrived
that, when the signal potential is widely decreased dur-
ing a precharge period or the like, the analog switch 18-k
is turned off during this period to disconnect the output
buffer 16-k from the capacitive load Ck, whereby the out-
put current of the source follower circuit is not increased
to consequently enable sufficient change of the signal
potential. In other words, a current Iref of merely a small
value is enough in constituting a desired output circuit.
The output period, during which the analog switch 18-k
is turned on, may be set to a predetermined one other
than the precharge period and the DA conversion peri-
od.

[0037] Forming the output circuit with a small current
Iref brings about an advantage of minimising variations
in the output potential. The reason will be described be-
low.

[0038] Generally the offset potential of a source fol-
lower circuit (gate-source voltage of source follower
transistor 21) Vgs is expressed as follows.

Vgs = Vth + J(Iref / k)

where k = 0.5 X 1 X Cox X W/L. In this equation, k is
a constant; and Cox, W and L denote the oxide film ca-
pacitance, the gate length and the gate width of the tran-
sistor, respectively.

[0039] Accordingly, the offset potential Vgs is raised
with increase of the current Iref. In general, this brings
about a result of narrowing the output dynamic range of
the circuit. In other words, the transistor size needs to
be enlarged for ensuring a desired dynamic range. If the
current Iref is small in value, the transistor size can be
diminished to consequently realize dimensional reduc-
tion of the circuit.

[0040] When the currentIref is great in value, the var-
iation extent of the offset potential V, to the variation of
the constant k (i.e., device characteristic variation of the
transistor) becomes high. Such relationship remains
fundamentally unchanged even in such offset cancel
structure shown in Fig. 3 (Fig. 5). Therefore, decrease
of the current Iref causes reduction of the output varia-
tion.

[0041] The source follower circuit having the above-
described offset cancel structure is rendered useful par-
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ticularly when the column driving circuit (horizontal driv-
er) is composed of a polysilicon TFT integrally with the
liquid crystal panel. The reasons are as follows.

(1) In polysilicon TFT, variation of the constant k is
extremely large.

(2) The gate bias effect and the parasitic capaci-
tance are little to consequently enable easy produc-
tion of a source follower circuit having an offset can-
cel structure.

[0042] Thus, according to the present invention rela-
tive to an output circuit in a liquid crystal display device
having a plurality of output buffers corresponding to col-
umn lines respectively, analog switches are provided
between output ends of the output buffers and the col-
umn lines, and the analog switches are on-off controlled
in such a manner that the output buffers and the column
lines are mutually disconnected in an off-state of the an-
alog switches to thereby separate the output circuit from
the capacitive load, hence avoiding increase of the out-
put current of the output buffers. Therefore, it becomes
possible to easily constitute an improved system which
charges the column line loads by the unidirectional cur-
rent buffers, with some advantages of realizing a lower
power consumption, a dimensional reduction of the cir-
cuit, a wider dynamic range, and decrease of the output
potential variation.

[0043] Although the present invention has been de-
scribed hereinabove with reference to some preferred
embodiments thereof, it is to be understood that the in-
vention is not limited to such embodiments alone, and
a variety of other changes and modifications will be ap-
parent to those skilled in the art without departing from
the spirit of the invention.

[0044] The scope of the invention, therefore. is to be
determined solely by the appended claims.

Claims

1. Aliquid crystal display device having output buffers
(16-1,..., 16-n) corresponding to column lines
(20-1, ..., 20-n), comprising:

analog switches (18-1, ..., 18-n) provided be-
tween output ends of said output buffers
(16-1, ..., 16-n) and said column lines (20-1, ...,
20-n) respectively; and

a switch controller (19) for on-off controlling
said analog switches (18-1, ..., 18-n).

2. The liquid crystal display device according to claim
1, wherein a DA converter (15) is provided in the
preceding stage of said output buffers (16-1, ...,
16-n), and said switch controller (19) turns off said
analog switches (18-1, ..., 18-n) during a DA con-
version period of said DA converter (15) or during
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a precharge period prior to DA conversion, and
turns on said analog switches (18-1, ..., 18-n) dur-
ing a predetermined penod other than said periods.

The liquid crystal display device according to claim
1 or claim 2, wherein each of said output buffers
(16-1,..., 16-n) consists of a source follower circuit
which comprises: a first capacitor (23) whose one
end is connected to a gate of a source follower tran-
sistor (21); a first analog switch (25) connected be-
tween the gate of said source follower transistor
(21) and a precharge power supply (24); a second
analog switch (26) connected between the other
end of said first capacitor (23) and the source of said
source follower transistor (21), and interlocked with
said first analog switch (25); a third analog switch
(27) connected between the other end of said first
capacitor (23) and a signal source (Vin), and actu-
ated inversely to the on-off action of said first and
second analog switches (25, 26); a cascode tran-
sistor (28) cascode-connected to the drain side of
said source follower transistor (21); a second ca-
pacitor (29) connected between the gate of said
source follower transistor (21) and the gate of said
cascode transistor (28); and a fourth analog switch
(81) connected between the gate of said cascode
transistor (28) and a predetermined power supply
(Vc), and interlocked with said first and second an-
alog switches (25, 26).

The liquid crystal display device according to claims
2 and 3, wherein said DA converter (15) consists of
areference voltage selectiontype DA converter and
a switched capacitor array type DA converter, and
capacitors of said switched capacitor array type DA
converter are used also as said first capacitors (23).

The liquid crystal display device according to claim
3 or claim 4, wherein said source follower circuit is
composed of a polysilicon thin film transistor.

A liquid crystal display device according to claim 1,
having a horizontal driver (1040) and a vertical driv-
er (1030), said horizontal driver (1040) comprising:

a shift register (11) having a plurality of stages
equal in number to columns;

a shift register controller (12) for controlling said
shift register (11);

a sampling circuit (13) for sampling data on a
data bus line in synchronism with sampling
pulses outputted successively from said shift
register(11);

a latch circuit (14) for holding the sampled data
during one horizontal period;

a DA converter (15) for converting into analog
signal the data held by said latch circuit (14);
output buffers (16-1, ..., 16-n) for driving col-
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10.

umn lines (20-1, ..., 20-n); and
analog switches (18-1, ..., 18-n) provided be-

tween said column lines (20-1, ..., 20-n) and
said output buffers (16-1,..., 16-n);
wherein said analog switches (18-1, ..., 18-n)

are on-off controlled by a switch controller (19).

The liquid crystal display device according to claim
6, wherein said switch controller (19) turns off said
analog switches (18-1, ..., 18-n) during a DA con-
version period of said DA converter (15) or during
a precharge period prior to DA conversion, and
turns on said analog switches (18-1, ..., 18-n) dur-
ing a predetermined period other than said periods.

The liquid crystal display device according to claim
6 or claim 7, wherein each of said output buffers
(16-1,..., 16-n) consists of a source follower circuit
which comprises: a first capacitor (23) whose one
end is connected to a gate of a source follower tran-
sistor (21); a first analog switch (25) connected be-
tween the gate of said source follower transistor
(21) and a precharge power supply (24); a second
analog switch (26) connected between the other
end of said first capacitor (23) and the source of said
source follower transistor (21), and interlocked with
said first analog switch (25); a third analog switch
(27) connected between the other end of said first
capacitor (23) and a signal source (Vin), and actu-
ated inversely to the on-off action of said first and
second analog switches (25, 26); a cascode tran-
sistor (28) cascode-connected to the drain side of
said source follower transistor (21); a second ca-
pacitor (29) connected between the gate of said
source follower transistor (21) and the gate of said
cascode transistor (28); and a fourth analog switch
(81) connected between the gate of said cascode
transistor (28) and a predetermined power supply
(Vc), and interlocked with said first and second an-
alog switches (25, 26).

The liquid crystal display device according to claims
7 and 8, wherein said DA converter (15) consists of
areference voltage selection type DA converter and
a switched capacitor array type DA converter, and
capacitors of said switched capacitor array type DA
convener are used also as said first capacitors (23).

The liquid crystal display device according to claim
8 or claim 9, wherein said source follower circuit is
composed of a polysilicon thin film transistor.
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